Hydrocephalus can be associated with increased morbidity and mortality in cryptococcal meningitis if left untreated. Both ventriculoperitoneal and ventriculoatrial shunting have been used in persons with cryptococcosis complicated by hydrocephalus, but the indications for and complications, success, and timing of these interventions are not well known. To this end, we reviewed the clinical courses of 10 non-human immunodeficiency virus-infected patients with hydrocephalus secondary to cryptococcal meningitis who underwent shunting procedures. Nine of 10 patients who underwent shunting had noticeable improvement in dementia and gait. Two patients required late revision of their shunts. Shunt placement in eight patients with acute infection did not disseminate cryptococcal infection into the peritoneum or bloodstream, nor did shunting provide a nidus from which Cryptococcus organisms proved difficult to eradicate. Shunting procedures are a safe and effective therapy for hydrocephalus in patients with cryptococcal meningitis and need not be delayed until patients are mycologically cured.
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Hydrocephalus is an occasional complication of chronic funshunt placement for hydrocephalus secondary to CNS cryptococcosis between 1967 and 1995 at the Clinical Center of gal and tuberculous meningitis. In the setting of chronic meningitis, recognition of hydrocephalus can be difficult. The major the National Institutes of Health were reviewed. Diagnosis of cryptococcal meningitis was made either by a positive manifestations of hydrocephalus, decreased mental acuity and gait ataxia, may be attributed to the infection. Deterioration of CNS (CSF or brain) culture or, in one case, by testing for cryptococcal antigen in CSF. Radiographic diagnosis of hymental acuity may be mistaken for poor therapeutic response to antimicrobial agents. Serious and potentially permanent loss drocephalus was made on the basis of enlargement of the cerebral ventricles as demonstrated by CT, MRI, pneumoof cognitive function may ensue if the diagnosis is not considered and shunting is inappropriately delayed. Although hydroencephalogram, or ventriculogram. The indications for shunting in these patients were decephalus is often confused with cerebral edema, the diagnosis of hydrocephalus is readily made by CT or MRI. The indicacreased mental acuity and cerebral ventricular enlargement not attributable to atrophy. The choice of shunting method tions for shunt placement in patients with cryptococcal meningitis are not well understood or universally agreed upon.
was made by the individual neurosurgeon performing the operation. In adults who received shunts for other condiIn this report, we describe the use of CSF shunting in 10 patients without HIV coinfection who were followed long-term tions, VA and VP shunting have similar rates of distal-end complications [1] . Although it was sometimes difficult to at our institution. We focus on the timing of shunt placement, clinical characteristics of patients around the time of this placedetermine the contribution of active cryptococcosis to the dementia, the consequences of untreated hydrocephalus ment, and their outcome and associated complications.
were considered to be sufficiently grave to warrant surgery. Patients found to have symptomatic hydrocephalus underMaterials and Methods went shunting at our institution. We chose not to determine whether hydrocephalus would resolve without surgery. The medical records of the 10 patients who underwent surgical ventriculoatrial (VA) or ventriculoperitoneal (VP)
All patients were treated with antifungal drugs as part of their care. Initial therapies included intravenous amphotericin B, oral 5-fluorocytosine (5-FC or flucytosine), or a combination of these antifungal agents. Intrathecal amphotericin B was not The earliest signs of neurological improvement were noted within 1 week of shunting (patients 7 and 10), manifested by normal gait and improved cognition. Three patients showed improvement within 4 weeks (patients 1, 2, and 9), and three 233 cells/mm 3 . The CSF protein level was elevated in all patients required ú2 months for recovery (patients 3, 4, and of our patients, usually between 100 mg/dL and 400 mg/dL, 6). Improvement in gait usually preceded improvement in dealthough one patient had a CSF protein concentration of 850 mentia or cognitive function. Improvement seen in eight of mg/dL. The CSF glucose level was õ40 mg/dL in all of our nine patients who underwent shunting after the initiation of patients except the immunosuppressed patient. In general, these antifungal therapy was attributed to shunting and not to a defindings were consistent with indolent cryptococcosis in a nonlayed effect of therapy. Most of these patients had showed immunosuppressed patient.
improved or stabilized neurological status either while receivNine patients had no identifiable immunocompromising dising or after receiving antifungal therapy but then developed ease; however, one (patient 2) had previously received predniworsening symptoms that necessitated shunting. Improvement sone for the treatment of hemolytic anemia and developed was seen in two cases (patients 5 and 7) in which shunting lymphoma 5 years after his treatment for cryptococcal meningiwas performed 5 and 2 months, respectively, after completion tis (table 2). All of our patients presented with deterioration in of their only course of antifungal therapy. mental function, demonstrated by memory impairment, confuPerioperative complications of shunting included hypothersion, dementia, or coma. Five patients presented with unstable mia (patient 8) and seizure (patient 4). Improper ventricular gait, and one patient had urinary incontinence. Papilledema catheter placement led to early revision in two patients (patients was sought in all patients but noted in only one. Multiple 1 and 10). Catheter misplacement was detected in these patients cranial nerve palsies were found in one patient, and another when clinical improvement did not occur following surgery. A had isolated sixth nerve palsy. Increased intracranial pressure, late decrease in shunt flow was demonstrated by radioisotope as judged by opening pressure of ú200 mm H 2 O, was noted studies in two patients (patients 3 and 4). This decreased flow in only one patient (patient 10).
was associated with a slower improvement in dementia in these Hydrocephalus was present in five of these patients by the patients. One of these (patient 4) had relapsing dementia and time they first sought medical attention. In the remaining five unsteady gait 2 years after shunting. Resection of the tip of patients, hydrocephalus was discovered during or after therapy.
the temporal lobe to release a loculated temporal horn of the Shunts were placed around the time of diagnosis of cryptococleft lateral ventricle and replacement of the VP shunt resulted cosis in two patients and 3 months before diagnosis in one in improvement in gait and dementia 3 weeks after craniotomy patient. Seven patients underwent shunting after the diagnosis in this patient. of cryptococcosis had been made. Infection was active in the Cryptococcus species were not recovered from the blood, majority of patients at the time of shunting. Only two of the peritoneal cavity, or shunt CSF of any of our patients at or ten patients (patients 5 and 7) were thought to have inactive following VA or VP shunting at our facility. Our patient who disease, with negative lumbar CSF cultures and improved CSF underwent shunting 3 months before diagnosis and treatment parameters, before placement of their shunting devices.
of her infection was diagnosed in part by positive ventricular Shunting resulted in normalization of ventricular size in (shunt) CSF culture (see patient 9 below). Shunting did not three patients, decrease in size in five, and no change in two disseminate cryptococcal infection or provide a foreign body patients. Radiographic improvement generally correlated from which the fungus proved difficult to eradicate. with clinical improvement, although two patients showed Illustrative Cases clinical improvement despite the absence of early radiographic improvement. Six patients were noted to have rePatient 3. This 56-year-old man developed progressive dementia over an estimated 15 months before being brought to turned to their baseline mental status, although one had per-/ 9c63$$mr27 02-22-99 13:52:23 cida UC: CID NOTE. AmB Å amphotericin B; 5-FC Å 5-fluorocytosine; VA Å ventriculoatrial; VP Å ventriculoperitoneal. * Patient 9 had shunt placed with initial symptoms, but this was removed 3 months later with diagnosis of cryptococcosis. Shunting was repeated 9 months after the initiation of antifungal therapy (12 months after initial symptoms). medical attention. On pneumoencephalogram performed at antime, he was clinically stable and employed as an assistant priest in a rural parish. other facility, he was noted to have some enlargement of his ventricles, but this was interpreted incorrectly as cortical atroPatient 9. This 62-year-old woman initially presented to a hospital in her home state with fever, decreased mentaphy. After a 2-month hospital stay, he was transferred to our institution because of a positive cryptococcal antigen test done tion, urinary incontinence, and unsteady gait. During this initial hospitalization, she received VP shunting after hyon CSF sent to us for testing (culture was negative on initial testing). He was treated with a course of flucytosine monodrocephalus was noted on CT. Three months later, she presented to another facility, again with fever and decreased therapy, resulting in improvement of CSF parameters and sterilization of CSF culture. Because of repeatedly positive urine mentation; the diagnosis of cryptococcal meningitis was made by ventricular CSF culture, and the shunt was recultures, his treatment was changed to amphotericin B after 6 weeks. At the end of his course of flucytosine, a VP shunt was moved. She was treated with two courses of amphotericin B with flucytosine, but because of continued unsteady gait placed because of decreased mental acuity.
After shunting, his mental acuity improved, but he was noted and a low CSF glucose concentration, she was referred to our facility for further care. to have continued difficulty with short-term memory. He returned to work but never at a level of cognitive difficulty On assessment at our facility, it was believed that her mental acuity was continuing to worsen. She also had impaired gait comparable to that before this infection. Three years after placement, his shunt may have been nonfunctional (because the and intermittent urinary incontinence. CT examination showed continued lateral and third ventricular dilation. A VP shunt dome of his shunt reservoir was noncompressable). At that / 9c63$$mr27 02-22-99 13:52:23 cida UC: CID was placed, now 1 year after her initial presentation. Her mental infection reduces cerebral edema, whereas shunting of CSF resolves hydrocephalus. status improved after shunting, and 5 months later, her family thought that her mental status was at baseline. CT at that time
The factors that predispose patients with cryptococcal meningitis to develop hydrocephalus remain unclear, but showed normal ventricular dimensions, and her neurological examination was normal. most of our patients had very indolent meningitis. Progression of hydrocephalus, once it developed, occurred over a Patient 10. This women was diagnosed with cryptococcal meningitis at age 32, after developing symptoms of headache, period ranging from a few weeks to many months. Obstruction of CSF flow in chronic meningitis is often due to indiplopia, and wide-based gait. Seven months before this diagnosis, she was evaluated for headache, and results of a neuroflammation of the basilar meninges, but in one of our patients it was due to a cerebellar cryptococcal mass that was comlogical examination and CT of the brain were normal. Lumbar puncture at that time was unsuccessful, and her headache sponpressing the fourth ventricle. Shunting in cryptococcal meningitis has been used both in taneously resolved. She was treated with amphotericin B for 4 months before her referral to our institution. Here her CSF patients with documented hydrocephalus and in patients with elevated opening pressures in whom CNS imaging was normal culture and India ink smear yielded negative results, but because of continued low CSF glucose concentrations, she was or not done [2 -7] . The indications for shunting in cryptococcal infection are not well understood or universally agreed upon. treated with fluconazole. At that time, her headache had resolved, but she continued to have a slight wide-based gait and Most groups suggest early shunt placement for hydrocephalus to avoid irreversible neurological complications [4, 6, 7] . Othdecreased coordination on heel-to-shin testing. After 22 months of fluconazole treatment, she developed an unsteady gait, irritaers have cautioned against shunting until after infection is controlled, to avoid shunt malfunction or spreading the infection bility, and difficulty climbing stairs.
Imaging of her brain revealed a slight increase in ventricular via the shunt or to prevent the shunt material from serving as a nidus of persistent infection [2, 8] . size with a dilated right temporal horn. In addition, her CSF glucose level remained low. At that time, flucytosine was added Patients under our care underwent shunting when neuroimaging showed worsening mental acuity in the presence to her regimen. After the development of an unexplained dilated cardiomyopathy, her treatment was changed to itraconazole. It of hydrocephalus. Patients underwent shunting regardless of the activity of their infection or its chronicity. Five of is believed that she was compliant with outpatient itraconazole therapy for Ç20 months. Thirty months after self-discontinuathese patients presented with hydrocephalus, and the other five developed this complication during or after antifungal tion of itraconazole, the patient returned after developing decreased mental acuity and unstable gait. She had progressive therapy. Nine of the 10 showed clinical improvement regardless of the interval between the onset of the initial difficulty completing household tasks and eventually wrecked the family car while driving.
symptoms of their cryptococcal disease and shunting. Although prompt shunting in the case of symptomatic hydro-MRI on readmission revealed aqueductal stenosis with marked lateral and third ventricular enlargement. A VP shunt cephalus appeared important, shunting earlier in the course of cryptococcosis did not appear to correlate with greater was placed at that time, now ú8 years from her initial headache. Shunting led to a rapid improvement in her gait and resolution of neurological deficits. The one patient in whom no neurological improvement was seen had extensive pamental status and was associated with a marked decrease in ventricle size on repeat MRI 1 week postoperatively. Two years renchymal disease from three prior cerebrovascular events. In general, resolution of hydrocephalus correlated with imlater, her family noted that her memory was impaired. At that time, a dilated temporal horn was found, and she underwent provement in gait and mental acuity. Neurosurgical intervention was considered vital for the presrepeat shunting. At last report she was doing well Ç1 year after this latest procedure.
ervation of neurological function in our patients with hydrocephalus secondary to cryptococcal meningitis. Reversal of neurological symptoms, namely unsteady gait and decreased Discussion mental acuity, tended to be more successful when the shunting procedure was done soon after the onset of symptoms of hydroAlthough it is an uncommon complication of cryptococcosis, hydrocephalus is well described. Cerebral edema with incephalus. However, recovery could still occur in patients who underwent shunting ú1 year from the onset of their symptoms. creased intracranial pressure is seen in HIV-infected persons, but hydrocephalus in these patients is rare. Neuroimaging studHydrocephalus was observed to develop during or after therapy in 5 of our 10 patients. Because of this, management of patients ies can distinguish cerebral edema from hydrocephalus. In cerebral edema, the ventricles are small or normal in size, and the with cryptococcal meningitis should include careful observation for neurological symptoms that may indicate early hydrosulci are flattened. Although shunting has been used in the control of cerebral edema in the setting of raised intracranial cephalus. Shunt insertions are not associated with spread of cryptococcal infection, do not prevent mycological cure, and pressure, management of this entity goes beyond the scope of this report. This distinction is important, since controlling the infrequently require late revisions.
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